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Introduction
Retinopathy of prematurity (ROP) is a serious disorder in premature infants. Dilation of veins and tortuosity of arteries are observed in severe ROP, which is improved by treatment such as photocoagulation. It is thus conceivable that impaired ocular circulation is associated with ROP. However, we have been unable to find any reports of the changes in blood flow dynamics from before to after photocoagulation for ROP, and the details of these changes remain unknown.
Laser speckle flowgraphy (LSFG) is based on the changes in the speckle pattern of laser light reflected from the eye, and since LSFG is dependent on the movement of erythrocytes in the retina and choroid [1] , it can measure the relative velocity of the erythrocytes' mean blur rate (MBR). LSFG is used to measure the ocular blood flow in various ophthalmic disorders [1] [2] [3] [4] . To date, there have been no reports about the use of LSFG as a diagnostic technique for ROP in neonates. This is at least in part because it is difficult to test the ocular blood flow of neonates, as they exhibit high degrees of body and ocular movement and have poor fixation.
We recently established a new system to measure the ocular blood flow in neonates that uses a modified LSFG system, the "LSFG-baby" system [5, 6] . The reproducibility of the LSFGbaby system results was good [5, 6] . We report herein a case in which we were able to measure the ocular blood flow in an infant with ROP for the first time, and we evaluated the changes in the infant's ocular blood flow before and after photocoagulation.
Case Report
A female infant born at 25 weeks' gestation with a birth weight of 808 g was referred to our Pediatric Ophthalmology Department at the age of 32 weeks. Her medical history included necrotizing enterocolitis and patent ductus arteriosus ligation performed at 3 weeks of age.
The ROP had progressed to stage 3, zone 2 with plus disease in the right eye, and stage 2, zone 2 with pre-plus disease in the left eye at 40 weeks (Fig. 1a, b ). Due to a gastrointestinal obstruction surgery planned at 41 weeks of age, the ophthalmological examination and treatment would have been delayed for 1 month. After consulting with the patient's parents, we thus treated both eyes when the patient was 40 weeks old. We performed the photocoagulation for both eyes with the infant under sedation and analgesia using midazolam (0.1 mg/kg) and fentanyl (1 μg/kg). The conditions of the photocoagulation were: irradiation time 0.3 s, laser power 200 mW, and 591 shots for the right eye and 469 shots for the left eye, using a Novus Spectra Laser System (Lumenis, Tokyo).
The ophthalmology examination at 3 weeks after treatment revealed that the patient's ROP had improved (Fig. 1c, d) . At 12 weeks after the photocoagulation treatment, because the patient was sedated under the same conditions for gastrointestinal postoperative surgical care, we performed an examination for ophthalmology at the same time. In other words, before and at 12 weeks after the photocoagulation treatment, we measured the ocular blood flow primarily in the optic nerve head (ONH) in both eyes using the LSFG-baby system as described [5] .
Briefly, testing was performed while the infant was sleeping in order to measure her circulation during rest. Without the use of a lid speculum, the tester gently held the infant's eyelid open with a finger during the examination [5] . The indicators of ocular blood flow that we used in this case were the MBR and the relative flow volume (RFV) [1] . The RFV in the retina is calculated by subtracting the choroidal MBR from the overall MBR. The RFV is thus considered the MBR of only the vascular component.
We measured the MBR in the patient's ONH and the RFV in the retinal vessels by setting a rubber band on the ONH and the vessels (Fig. 2) . We used the LSFG Analyzer software (Softcare, Fukuoka, Japan) to analyze the 3 MBR parameters of MBR-A (the mean of all values), MBR-V (the vessel mean), and MBR-T (the tissue mean).
Generally, the ocular perfusion pressure (OPP) is thought to affect the ocular blood flow [7, 8] , and thus we also measured the following parameters: systolic blood pressure (SBP, mm Hg), diastolic blood pressure (DBP, mm Hg), pulse pressure (mm Hg), heart rate (beats per min, bpm) measured by a HBP-T105S-N (Omron, Tokyo), and intraocular pressure (IOP, mm Hg) measured by a Tono-Pen Avia (RE Medical, Osaka, Japan). We then calculated the mean arterial blood pressure (MABP, mm Hg) and OPP (mm Hg). The MABP was determined by the formula: DBP + (SBP − DBP)/3. The OPP was defined as (2/3MABP) − IOP.
Results
The photocoagulation treatment decreased the dilation of veins and the tortuosity of arteries. The respective pretreatment and posttreatment values were as follows: heart rate 124 versus 126 bpm; MABP 57 versus 46 mm Hg; right-eye IOP 16 versus 13 mm Hg; lefteye IOP 18 versus 12 mm Hg; right-eye OPP 22 versus 17 mm Hg, and left-eye OPP 20 versus 18 mm Hg. We evaluated all of these parameters after the LSFG measurements were obtained.
The results of the photocoagulation therapy are summarized in Table 1 , which indicates decreases in many of the parameters examined. The decreases in the right eye in particular were notable, with MBR-A 23.0, RFV-STRA 444.3, and RFV-STRV 468.6 at pretreatment versus MBR-A 17.6, RFV-STRA 185.3, and RFV-STRV 228.6 at 12 weeks after treatment.
Discussion
In this patient's case, we measured the ocular circulation of the ROP by using the LSFGbaby system, and we report here for the first time the changes in the ocular circulation before and after photocoagulation. The MBR in the patient's ONH decreased after the photo-coagulation for her ROP. The vascular RFV in the severe dilation and tortuosity quadrant also tended to decrease. There were no large differences in heart rate or OPP between before and after the treatment.
Gunay et al.
[9] recently reported the changes in blood flow from before to after an intravitreal bevacizumab treatment for ROP; they observed that the blood flow velocity in the ophthalmic artery had decreased. There are differences in treatment methods, but similar results were obtained in this study.
Research groups using LSFG [6] and color Doppler imaging (CDI) [10, 11] have reported that the ocular blood flow increases over the course of several weeks after birth. In our patient's case, the blood flow that is believed to increase over several weeks for growth decreased following the photocoagulation for ROP. The decrease in the RFV of the vessels that dominate regions where the ROP was severe was large. As a result, the difference of RFV between the left and right eyes decreased after the treatment.
Based on these results, we believe that in cases in which the surrounding lesions are severe and there is strong dilation of veins and tortuosity of arteries, RFV levels increase, after which changes in veins are corrected with treatment, decreasing RFV. In addition, considering that the ONH MBR decreased greatly in the eye with the more severe condition, i.e. the right eye, we hypothesize that the ONH MBR of this patient was increased due to the severity of ROP at first, and then it was reduced by the photocoagulation treatment.
Several studies have examined the blood flow velocity in the central retinal artery and the ophthalmic artery using CDI [10-13]. Baerts et al. [10] reported that the blood flow velocity in the central retinal artery and the ophthalmic artery did not change based on the onset (or lack thereof) of ROP. However, other studies have reported that the blood flow velocity increased due to ROP onset but decreased due to the manifestation of plus disease [11, 12] , and yet other studies of plus disease observed no significant differences in blood flow velocity [13] . These inconsistent results may be due to the lack of consideration of the vascular diameter expansion caused by the severity of ROP.
While CDI can measure the absolute value of blood flow speed, it is unable to deal with the changes in blood vessels, making it difficult to measure blood flow volume [10-13]. LSFG can measure the blood flow in the eye directly. While only the relative value is measured, this allows for consideration of the blood flow volume in addition to the speed [1] . However, this method is not as convenient as CDI. Pupillary dilation is required for the measurement, and it must be performed while the patient is asleep or under sedation [5, 6] .
In our patient's case, photocoagulation decreased the dilation of veins and tortuosity of arteries, and reduced the blood flow. Whether the decreased dilation of veins and tortuosity of arteries was due to decreased blood flow or vice versa remains unclear. The LSFG-baby system used in the present case allowed us to directly visualize the optic nerve and retinal blood vessels. Since the measurement was performed only before and after photocoagulation, it was not possible to investigate changes in blood flow due to the onset of ROP or plus disease.
This brings up the topic of simplification of laboratory techniques and advances in equipment design. However, if we can examine many cases and get a clear idea of how the blood flow changes depending on the treatment, there is a possibility that blood flow measurements may eventually be used in determining the effects of treatments and the patients' prognoses. It is also possible that examining the relation between changes in blood flow and changes in pathological conditions may lead to blood-flow measurement becoming a standard procedure when selecting ROP treatment.
Further studies with additional cases are needed to further elucidate the hemodynamics of ROP. 
